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 第 2 章では、モーションコントロールについて説明している。モーションコントロー
ルはメカトロニクス系を制御するための基本的な制御理論である。 
	 第 3 章では、加速度制御に基づく 4 チャンネルバイラテラル制御および斜交座標を用
いたバイラテラル制御について述べている。 












能であることを確認した。	 	 	  
	 第 6 章では、本研究の成果についてまとめている。 
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Thesis Summary 
 Human – robot interaction in the medical and the engineering fields becomes a popular research 
topic worldwide. Robots can perform tiny motions. Especially, the medical robots provide complex 
and precise motion that human cannot achieve. However, doctors only know medical robots’ 
motion as visual information. This constraint is an obstacle for performing surgical operations and 
it has a risk of damaging patients’ body due to large force. In order to overcome these problems, 
this research discussed the integration of haptic technology into medical applications. 
 In the chapter 1, background and purpose of the study were explained. In addition, the problems of 
the conventional research and the outline of this research were described. 
 In the chapter 2, motion control was described. This is the fundamental control theory at work 
behind a mechatronic system that produces desired motions. 
 In the chapter 3, acceleration based four-channel bilateral control and the oblique coordinate 
bilateral control were explained. 
 In the chapter 4, one-DoF flexible haptic medical instruments based on the Electro-Hydraulic 
Transmission System were explained. This chapter presented the details of two medical instruments 
developed: (i) a palpation probe and (ii) a pair of forceps. The main characteristic of these 
instruments was the fluid energy used to transmit the position and force information to the 
end-effector. According to the experiments, position/force transmission performances were 
dramatically improved compared to that of release-type medical instruments, regardless of the 
wire's position. In addition, oblique coordinate bilateral control was implemented in both 
instruments and experiments were performed to confirm the efficacy of the haptic sensation. 
 In the chapter 5, the quantitative evaluation for Non-Obstructive Azoospermia (NOA) judgement 
with haptic information was described. NOA is one of the male infertility diseases in which the 
spermatogenic function is deteriorated. As a sperm-extraction method for NOA patients, the Micro 
Dissection TEsticular Sperm Extraction (MD-TESE) method is widely used. However, the low 
sperm-collection rate and the large individual differences are considered as problems of the 
MD-TESE method. These problems are caused by the visual information that the surgeon obtains 
by using a microscope camera. To overcome this problem, a quantitative index for spermatogenesis 
evaluation was constructed. According to the quantitative index, the stiffness of the diseased testicle 
and its seminiferous tubule was measured. This stiffness was compared to that of a normal testicle. 
The validity of the index was analyzed by a static approach as well as a morphological approach. 
 In the chapter 6, conclusions drawn were presented. 
